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Abstract 
 
With the increase of computational power, computational modelling of two-phase 
flow problems using computational fluid dynamics (CFD) techniques is gradually 
becoming attractive in the engineering field. Two basic CFD approaches are used to 
simulate the two-phase flow, i.e. the Eulerian-Lagrangian model and the Eulerian-Eulerian 
model. The major aim of this thesis is to investigate the Turbulence Modulation (TM) of 
dilute two phase flows. In order to carry out this approach, an in house research code 
employing Two-Fluid model, with additional source terms to account for the presence of 
the dispersed phase in the turbulence equations has been employed.  
 
Various density regimes of the two-phase flows have been investigated in this 
thesis, namely the dilute gas-particle flow, liquid-particle flow and also the liquid-air 
flows. While the density is quite high for the dispersed phase flow for the gas-particle 
flow, the density ratio is almost the same for the liquid particle flow, while for the air-
liquid flow the density is quite high for the carrier phase flow. The study of all these 
density regimes gives a clear picture of how the carrier phase behaves in the presence of 
the dispersed phases, which ultimately leads to better design and safety of many two-phase 
flow equipments.  
 
For the dilute gas-particle flows, particle-turbulence interaction over a backward-
facing step geometry was numerically investigated. An Eulerian two-fluid model with 
additional turbulence transport equations for particles is employed in this investigation. 
RNG based k-ε model is used as the turbulent closure with additional transport equations 
solved, to better represent the combined gas-particle interactions. Two different particle 
classes with same Stokes number and varied particle Reynolds number are considered in 
this study. The turbulence modulation of the carrier phase in the presence of the dispersed 
particulate phase is simulated and compared against the experimental data. Despite the fact 
that the two particles used in this study share the same Stokes number their behaviour is 
found to be considerably different in the turbulent flow field, which basically underlines 
the fact that the Stokes number alone is not enough to fully describe the behaviour of 
particles, there by, herein particle Reynolds number is also investigated to fully understand 
        V 
their behaviour. Two other turbulence modulation models along with the SATO model 
were tested against our own formulation and our model was found to compare better with 
the experimental findings. 
 
A detailed study into the turbulent behaviour of dilute particulate flow under the 
influence of two carrier phases namely gas and liquid was also been carried out behind a 
sudden expansion geometry. The major endeavour of the study is to ascertain the response 
of the particles within the carrier (gas or liquid) phase. The main aim prompting the current 
study is the density difference between the carrier and the dispersed phase. While the ratio 
is quite high in terms of the dispersed phase for the gas-particle flows, the ratio is far more 
less in terms of the liquid-particle flows. Numerical simulations were carried out for both 
these classes of flows and their results were validated against their respective sets of 
experimental data. Qualitative results have been obtained for both these classes of flows 
with their respective experimental data, furthermore their response to their carrier phase 
has been investigated both at the mean and turbulence level for a range of Stokes number. 
While the particulate velocity seems to increase with the corresponding increase in Stokes 
number amidst both the carrier phases the particulate turbulence shows entirely a different 
pattern.  
 
For the Liquid-Air flows the phenomenon of drag reduction by the injection of 
micro-bubbles into turbulent boundary layer has been investigated using an Eulerian-
Eulerian two-fluid model. Two variants namely the Inhomogeneous and MUSIG 
(MUltiple-SIze-Group) based on Population balance models are investigated. The 
simulated results were benchmarked against the experimental findings and also against 
other numerical studies explaining the various aspects of drag reduction. For the two 
Reynolds number cases considered, the buoyancy with the plate on the bottom 
configuration is investigated, as from the experiments it is seen that buoyancy seem to play 
a role in the drag reduction. Well established theories of drag reduction from various 
experiments and high resolution numerical studies are scrutinised and explained in context 
to our numerical findings. The under predictions of the MUSIG model at low rates was 
investigated and reported, their predictions seem to fair better with the decrease of the 
break-up tendency among the micro-bubbles, this information was later used as a 
predictive tool for the two-fluid Inhomogeneous model.  
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